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TITLE: Gallic Acid Antagonizes P-Selectin-Mediated 

Platelet -Leukocyte Interactions 
AUTHOR (S) : Appeldoorn, Chantal C. M.; Bonnefoy, Arnaud; 

Lutters, Bianca C. H.; Daenens, Kim; van Berkel, Theo 
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CORPORATE SOURCE: Division of Biopharmaceutics , Lei den/ Amsterdam Center 

for Drug Research, Gorlaeus Laboratories, Leiden 
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PUBLISHER: Lippincott Williams & Wilkins 

DOCUMENT TYPE: Journal 
LANGUAGE: English 
ABSTRACT : 

Background: Current paradigm attributes the low incidence of cardiovascular 
disorders in Mediterranean countries despite a high saturated fat intake, the 
"French paradox," to the antioxidant capacity of red wine polyphenols. 
Conceivably, other antiinflammatory pathways may contribute to at least a 
similar extent to the atheroprotective activity of these polyphenols. We have 
investigated whether gallic acid (GA) , an abundant red wine polyphenol, 
modulates the activity of P-selectin, an adhesion mol . that is 

critically involved in the recruitment of inflammatory cells to the vessel wall 

and thus in atherosclerosis. Methods and Results: GA potently inhibited the 

binding of a peptide antagonist (IC50, 7.2 jimol/L) and biotin-PAA-Lea-S03H, 

an established high-affinity ligand, to P-selectin (IC50, 85 

iamol/L) . Under dynamic flow conditions, GA markedly and dose dependently 

attenuated the rolling of monocytic HL60 cells over P-selectin 

-transfected Chinese hamster ovary cells (EC50, 14.5 nmol/L) while 

increasing the velocity of P- select in-dependent rolling of human 

blood leukocytes over a platelet monolayer. In vivo tests established that GA 

administration to normolipidemic C57/B16 and aged atherosclerotic 

apolipoprotein E-deficient mice impaired the baseline rolling of conjugates 

between activated platelets and circulating monocytes over femoral vein 

endothelium, as judged by online video microscopy (ED50, 1.7+0.3 and 

1.5±0.4 mg • kg-1 • h-1, resp.). Conclusions: Our findings 



Page 3 



10/530,601 R>27/09/2006 



provide a solid mechanistic foundation through which GA intervenes in major 
inflammatory pathobiologies by binding and antagonizing P-selectin. 
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OTHER SOURCE (S): MARPAT 142:11573 

ABSTRACT : 

P-selectin targeting ligand mols . are provided as well as compns., 

including kits, which comprise such P-selectin targeting ligand 

mols., such composition being useful for use as pharmaceutical formulations which 
can be administered safely and effectively and as diagnostic formulations. For 
example, a P-selectin targeting ligand was prepared by reacting 
N-hydroxysuccimidyl PEG distearoyl phosphatidyl ethanolamine with human P- 
***selectin*** binding peptide of H2N-DVEWVCVSY-C00H and was incorporated 
into liposome compns. for P-selectin targeting delivery. 
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ABSTRACT : 

The use of polyhydroxy phenols and polyphenols for the manufacture of a medicament 
for the prevention, treatment or diagnosis of a disease or a condition, wherein 
P-selectin is involved, is provided. Further, phamaceutical and 
nutraceutical compns. which are useful in the diagnosis, prevention, or 
treatment of diseases and conditions associated with P-selectin activity 
are provided. Also the use of polyhydroxy phenols and polyphenols as targeting 
tools to P-selectin expressing cells or tissues in a composition, further 
comprising an active compound in a vehicle, is provided. 
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for Drug Research, Leiden University, Leiden, Neth. 
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English 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
ABSTRACT: 

Purpose of review: This review provides a concise update of the involvement of 
endothelial adhesion mols. in atherogenesis, an overview of current advances in 
the development of adhesion mol . blocking agents, as well as an insight into 
the potential of these mols. in cardiovascular therapy. Recent findings: As 
endothelial adhesion mols. are deemed to play an important role in the 
development and progression of atherosclerotic lesions, they are interesting 
targets for therapeutic intervention in this process. In particular, P- 
***selectin*** and vascular cell adhesion mol. 1 are widely considered to 
hold promise in this regard. Current research efforts center on the design of 
agents that directly block the interaction of the receptor with its ligand 
(e.g. soluble P-selectin glycoprotein ligand 1, blocking antibodies, 
EWVD-based peptides) or that interfere with their synthesis (e.g. antisense 
oligonucleotides) or their regulatory control by nuclear factor kappa B or 
peroxisome prolif erator-activated receptor gamma. Furthermore, adhesion mols. 
have been exploited as a target for the specific delivery of drug carriers 
(e.g. biodegradable particles with entrapped dexamethasone) or therapeutic 
compds. (e.g. dexamethasone) to the plaque. All approaches have been shown to 
be effective in blocking adhesion mol. function in in-vitro studies and in-vivo 
models for inflammation or atherosclerosis. Summary: Although the field has 
achieved considerable progress in recent years, leading to the development of a 
number of interesting leads, final proof of their efficacy in cardiovascular 
therapy is eagerly awaited. 
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OTHER SOURCE (S) : 
ABSTRACT : 

The invention relates to certain glucose-based compds. with affinity to P- 
***selectin*** to act as antagonists or partial antagonists of P- 
***selectin. *** These compds. are useful as targeting ligands with an 
ability to target drugs and genetic material to cells and tissues expressing P- 
***selectin. *** The synthesis of glucose-based compds. and their use for the 
preparation of pharmaceutical compns. for the treatment of P-selectin 
-associated disorders, the conjugates, pharmaceutical carriers and drug delivery 
systems comprising these compds., and a method for determining whether a compound is 
capable of binding to P-selectin are also described. 
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The invention discloses derivs . of compds . which bind selectively to the 
adhesion mol . human P-selectin, and particularly to such derivs. 

which comprise a peptide moiety or a functional equivalent of said peptide moiety." 
In addition, the invention discloses methods for preparing such compds., the use of 
such compds. in therapeutic or diagnostic methods and in pharmaceutical 
compns., binding mols. binding to the compds., and a method for determining whether 
compound is capable of binding to P-selectin. 
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ABSTRACT : 

P-selectin plays an important role in the development of various 

diseases, including atherosclerosis and thrombosis. In our laboratory we recently 
identified a number of specific human P-selectin-binding peptides containing 
a Glu-Trp-Val-Asp-Val consensus motif, displaying a low micromolar affinity for 
P-selectin (IC50 = 2 jiM) . In search of more potent antagonists 
for P-selectin, we have optimized the EWVDV pentapeptide core motif 
via a two-step combinatorial chemical approach. A dedicated library of peptide 
derivs . was generated by introducing seven substituents at the N and C termini 
of the motif. In particular, pentapeptides with gallic acid or 
1, 3 , 5-benzenetricarboxylic acid substituents at the N terminus proved to be 
considerably more potent inhibitors of P-selectin binding than the 
parental peptide. After removal of the N-terminal glutamic acid from the core 
sequence, which appeared to be replaceable by a carboxamide function without 
loss of affinity, a second library was synthesized to map the chemical moieties 
within the gallic acid or 1, 3 , 5-benzenetricarboxyl acid groups responsible for 
the enhanced P-selectin binding. Moreover, by varying the length and 
rigidity of the connective spacer, we have further optimized the spatial 
orientation of the N-terminal substituent. The combined use of phage display 
and subsequent combinatorial chemical led to the design of a number of gallic acid- 
containing peptides with low nanomolar affinity for P-selectin both under 
static and dynamic conditions (IC50 = 15.4 nM) . These small synthetic 
antagonists, which are equally as potent as the natural ligand P- 
***selectin*** glycoprotein ligand-1, are promising leads in 
anti-atherothrombotic therapy. 
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ABSTRACT : 

P-selectin is a leukocyte adhesion receptor expressed on activated 
vascular endothelium and platelets that mediates leukocyte rolling and 
attachment. Because P-selectin is critically involved in 
inflammation, we used phage display libraries to identify P-selectin 
-specific peptides that might interfere with its proinflammatory function. 
Isolated phage contained a highly conserved amino acid motif. Synthetic 
peptides showed calcium-dependent binding to P-selectin, with high 
selectivity over E-selectin and L-selectin. The peptides 
completely antagonized adhesion of monocyte -derived HL60 cells to P- 
***selectin*** and increased their rolling velocities in flow chamber expts. 
Peptide truncation and alariine-scanning studies indicated that an EWVDV 
(single-letter amino acid codes) consensus motif sufficed for effective 
inhibition, Intriguingly, the apparent avidity of the peptides was increased 
200-fold when presented in a tetrameric form (2 laM vs. 10 nM) , which is 
consistent with the proposed divalent interaction of P-selectin 
glycoprotein ligand 1 (PSGL-1) with P-selectin. As the EWVDV 
peptides inhibit the binding of an established glycoside ligand for P- 
***selectin*** (sulfated Lewis A) , it is conceivable that EWVDV interacts 
with or in close proximity to the actual carbohydrate recognition domain of P- 
***selectin*** , without being a direct structural mimic of sialyl Lewisx. 
These- ligands are among the most potent antagonists of P-selectin yet 
designed. Their high affinity, selectivity, and accessible synthesis provide a 
promising entry to the development of new anti- inflammatory therapeutics and 
might be a powerful tool to provide important information on the binding site 
of P-selectin. 
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E16 


1 


MOLENAAR 


B/AU 


E17 


1 


MOLENAAR 


BERNARD/AU 


E18 


1 


MOLENAAR 


BIBI/AU 


E19 


3 


MOLENAAR 


BONNIE/AU 


E20 


2 


MOLENAAR 


C/AU 


E21 


1 


MOLENAAR 


C M/AU 


E22 


3 


MOLENAAR 


C M T/AU 


E23 


13 


MOLENAAR 


CHRIS/AU 


E24 


1 


MOLENAAR 


CONSTANCE/AU 


E25 


6 


MOLENAAR 


CONSTANCE M T/AU 



=> S (El OR E2 OR E4 OR E5 OR E6 OR E7 OR E8 OR E9 OR ElO OR Ell OR E12 OR E13 OR E14 OR E15 
OR E16 OR E17 OR E18 OR E19 OR E20 OR E21 OR E22 OR E23 OR E24 OR E25) AND (SELECTIN) 



1 


"MOLENA R"/AU 


2 


"MOLENA RAFFAELLA"/AU 


17 


"MOLENAAR 


A"/AU 


4 


"MOLENAAR 


A A A"/AU 


6 


"MOLENAAR 


A J"/AU 


1 


"MOLENAAR 


ADRIAAN J"/AU 


6 


"MOLENAAR 


ADRIAN" /AU 


15 


"MOLENAAR 


ADRIAN J"/AU 


1 


"MOLENAAR 


ADRIAN JOHN"/AU 


1 


"MOLENAAR 


ADRIANUS PIETER"/AU 


3 


"MOLENAAR 


ANDRE A A"/AU 


1 


"MOLENAAR 


ANTON JOHAN"/AU 


13 


"MOLENAAR 


ARIAN"/AU 


1 


"MOLENAAR 


ARNO A"/AU 


1 


"MOLENAAR 


B"/AU 


1 


"MOLENAAR 


BERNARD "/AU 


1 


"MOLENAAR 


BIBI"/AU 


3 


"MOLENAAR 


BONNIE "/AU 


2 


"MOLENAAR 


C"/AU 


1 


"MOLENATU^ 


C M"/AU 


3 


"MOLENAAR 


C M T"/AU 


13 


"MOLENAAR 


CHRIS "/AU 


1 


"MOLENAAR 


CONSTANCE "/AU 


6 


"MOLENAAR 


CONSTANCE M T"/AU 
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9950 SELECTIN 
10206 SELECTINS 
12453 SELECTIN 

(SELECTIN OR SELECTINS) 

L4 0 ("MOLENA R"/AU OR "MOLENA RAFFAELLA"/AU OR "MOLENAAR A"/AU OR "MOLENAAR A A 

A"/AU OR "MOLENAAR A J"/AU OR "MOLENAAR ADRIAAN J"/AU OR "MOLENAAR ADRIAN" /AU OR "MOLENAAR 
ADRIAN J"/AU OR "MOLENAAR ADRIAN JOHN"/AU OR "MOLENAAR ADRIANUS 

PIETER"/AU OR "MOLENAAR ANDRE A A"/AU OR "MOLENAAR ANTON JOHAN"/AU OR 
"MOLENAAR ARIAN"/AU OR "MOLENAAR ARNO A"/AU OR "MOLENAAR B"/AU OR "MOLENAAR BERNARD"/AU OR 
"MOLENAAR BIBI"/AU OR "MOLENAAR BONNIE "/AU OR "MOLENAAR C"/AU OR "MOLENAA 

R C M"/AU OR "MOLENAAR C M T"/AU OR "MOLENAAR CHRIS"/AU OR "MOLENAAR 
CONSTANCE"/AU OR "MOLENAAR CONSTANCE M T"/AU) AND (SELECTIN) 

=> E BERKEL/AU 25 



El 


1 


BERKEI 


M/AU 


E2 


35 


BERKEI 


MICHAEL/AU 


E3 


0 


BERKEL/AU 


E4 


1 


BERKEL 


A I/AU 


E5 


2 


BERKEL 


A IZZET/AU 


E6 


2 


BERKEL 


ADNAN/AU 


E7 


1 


BERKEL 


AHMET IZZET/AU 


E8 


3 


BERKEL 


D A/AU 


E9 


1 


BERKEL 


DAVID A/AU 


ElO 


1 


BERKEL 


E/AU 


Ell 


1 


BERKEL 


E M/AU 


E12 


1 


BERICEL 


G M/AU 


E13 


1 


BERKEL 


GARY J VAN/AU 


E14 


1 


BERKEL 


H A/AU 


E15 


1 


BERKEL 


H J/AU 


E16 


5 


BERKEL 


HANS J/AU 


E17 


3 


BERKEL 


HEINZ/AU 


E18 


2 


BERKEL 


IZZET/AU 


E19 


3 


BERKEL 


J/AU 


E20 


1 


BERKEL 


JOHANNES /AU 


E21 


1 


BERKEL 


LAMBERTUS H VAN/AU 


E22 


1 


BERKEL 


RUDIGER/AU 


E23 


1 


BERKEL 


RUEDIGER/AU 


E24 


1 


BERKEL 


T J C/AU 


E25 


1 


BERKEL 


THEO J C V/AU 



=> S (E4 OR E5 OR E6 OR E7 OR E8 OR E9 OR ElO OR Ell OR E12 OR E13 OR E14 OR E15 OR E16 OR 
E17 OR E18 OR E19 OR E20 OR E21 OR E22 OR E23 OR E24 OR E25) AND (SELECTIN) 



1 


"BERKEL 


A I"/AU 


2 


"BERKEL 


A IZZET"/AU 


2 


"BERKEL 


ADNAN"/AU 


1 


"BERKEL 


AHMET IZZET"/AU 


3 


"BERKEL 


D A"/AU 


1 


"BERKEL 


DAVID A"/AU 


1 


"BERKEL 


E"/AU 


1 


"BERKEL 


E M"/AU 


1 


"BERKEL 


G M"/AU 


1 


"BERKEL 


GARY J VAN"/AU 


1 


"BERKEL 


H A"/AU 


1 


"BERKEL 


H J"/AU 


5 


"BERKEL 


HANS J"/AU 


3 


"BERKEL 


HEINZ "/AU 


2 


"BERKEL 


IZZET"/AU 


3 


"BERKEL 


J"/AU 


1 


"BERKEL 


JOHANNES "/AU 


1 


"BERKEL 


LAMBERTUS H VAN"/AU 


1 


"BERKEL 


RUDIGER"/AU 


1 


"BERKEL 


RUEDIGER"/AU 


1 


"BERKEL 


T J C"/AU 


1 


"BERKEL 


THEO J C V"/AU 


9950 


SELECTIN 
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4. 



